Introduction {#sec1-1}
============

Toxoplasmosis is an infection that caused by the widespread parasitic protozoan *Toxoplasma gondii*. According to estimates, about one-third of the world\'s population is infected with *T. gondii*.\[[@ref1]\] Most people get toxoplasmosis by eating meat containing tissue cysts or using water and food contaminated with parasite oocysts.\[[@ref2]\] One of the most important forms of infection is congenital toxoplasmosis that can be predicted if a pregnant woman is infected with this protozoan during pregnancy. The parasite can cause a wide range of clinical symptoms in congenitally infected fetuses, newborns, and children.\[[@ref3]\] Toxoplasmosis seroprevalence in females of childbearing age and pregnant in different continents is about 0.8%--77.5%.\[[@ref4]\] According to estimates, the overall prevalence of toxoplasmosis in Iranian pregnant women is 41% (95% confidence interval = 36%--45%).\[[@ref5]\] The annual incidence of congenital toxoplasmosis is estimated to be around 190,000 and an enormous disease burden of 1.2 million disability-adjusted life years (DALYs) per year.\[[@ref6]\]

When a pregnant woman is infected with *T. gondii*, the placenta is the source of the parasite transmission from mother to fetus during pregnancy, the parasite is entered into the tissue immediately or within a few weeks.\[[@ref7]\] In women who are infected with *T. gondii* during pregnancy and not treated, the incidence of fetal infection is 25% in the first trimester, 54% in the second trimester, and 65% in the third trimester.\[[@ref8]\] If acute toxoplasmosis is detected quickly, drug administration such as spiramycin reduces the transmission of infection from mother to fetus.\[[@ref7]\]

Treatment of pregnant women infected with toxoplasmosis reduces the concentration of parasites in the placental tissue and decrease the risk of transmission of infection from mother to fetus.\[[@ref9]\] The seroprevalence rate of *T. gondii* in Iranian people is 39.3%, and there was no statistically significant difference between male and female patients.\[[@ref10]\] The prevalence rate of chronic and acute toxoplasmosis in the Hamadan pregnant women was reported 30% and 2.9%, respectively.\[[@ref11]\] If the infection with *T. gondii* is detected in the placenta, it should be accepted that the child is more likely to become infected.\[[@ref12]\] B1 gene has a high specificity in *T. gondii* and has been repeated 35 times in its genome, so it is used as a target for amplification in polymerase chain reaction (PCR) to detect parasites in clinical materials such as the blood and tissue.\[[@ref13]\] In other parts of the world, limited research has been done on the role of placenta in the occurrence of congenital toxoplasmosis, but the purpose of this study was to evaluate the status of the concentration of *T. gondii* in placental tissue by identifying the B1 gene in pregnant women with acute toxoplasmosis.

Materials and Methods {#sec1-2}
=====================

Clinical samples {#sec2-1}
----------------

This cross-sectional study was conducted from July 2016 to May 2017 in Hamadan University of Medical Sciences (UMSHA), Iran. The population of this study was pregnant women referred to Fatemieh Hospital of Hamadan. Each of the pregnant women participating in the study signed the formal consent form and the research methodology was approved by the Ethical Committee of the UMSHA. After recording the demographic information and clinical symptoms, blood sample of each pregnant woman was tested for anti-*Toxoplasma* immunoglobulin G (IgG) and immunoglobulin M (IgM) antibodies by ELISA. In IgGseropositive pregnant women, B1 gene of *T. gondii* in blood samples was detected by nested PCR and specific primers.\[[@ref14]\] This group of pregnant women was searched for *T. gondii* B1 gene in their placental tissue samples after delivery. Fifty grams of the placental tissue was taken from the maternal side of each placenta with a pair of sterile scissors and a pair of forceps. Samples of the placenta were put in 15 ml tubes and filled with 5 ml of saline and transferred to the laboratory in a cool box and stored at −20°C for DNA extraction. Besides, after delivery, up to 5 ml of umbilical cord blood was obtained to study anti-*Toxoplasma* IgM. Also during 2--6 weeks after birth, about 2 ml of blood from the heel of 11 newborns were prepared for specific IgM identification.

Isolation of genomic DNA from the placental tissues {#sec2-2}
---------------------------------------------------

The DNAs were extracted from the placental tissue samples using a commercial purification system (CinnaPure DNA, Iran) according to the manufacturer\'s instruction. Before starting the DNA extraction, about 30 g of each of the placental tissue samples were crushed. Then, they converted into powder by the liquid nitrogen and the mortar. Then, the remaining steps were done in accordance with the kit protocol. Fifty milliliter of preheated elution buffer was added to each column and repeated centrifugation. At the end, the purified DNA concentration and purity by NanoDrop were checked and stored at −80°C.

B1 gene amplification by nested-polymerase chain reaction {#sec2-3}
---------------------------------------------------------

To identify the B1 gene that has 35 copies in the genome of *T. gondii*, PCR and nested PCR were used according to Burg *et al*.\[[@ref13]\] First, a pair of external primers, B1-external-forward-5'-TCAAGCAGCGTATTGTCGAG-3' (at position 663-682) and B1-external-reverse-5'-CCGCAGCGACTTCTATCTCT-3' (at position 949-930) were used to amplify 287 bp of B1 gene, then two internal primers, B1-internal-forward-5'-GGAACTGCATCCGTTCATGAG-3' (at position 694-714) and B1-internal-Reverse-5'-TCTTTAAAGCGTTCGTGG TC-3' (at position 887-868) were used to amplify 194 bp fragment. For PCR, a combination of 12.5 μl of Master Mix buffer (2X, Ampliqon, Denmark), 0.8 μl (mM) of each primer, 8.9 μl of distilled water, and 2 μL of template DNA was used. To carry out nested-PCR, 1 μL of the PCR product as a template diluted in distilled water at a ratio of 1:50, and was performed according to the previous step. For positive and negative control of the reactions, the RH strain of *T. gondii* (accession No: AF179871.1) and the DNA-free reaction was used, respectively. Amplification steps were performed according to the following pattern: 5 min at 95°C for initiation of denaturation, 35 cycles for 25 s at 95°C, annealing at 62°C for 40 s at both PCR and nested PCR, in 72°C for 40 s extension and 5 min at 72°C for final extension. An amount of 6 μL of each sample of the nested-PCR product was electrophoresed in the gel and then observed under ultraviolet light.

Analysis of data {#sec2-4}
----------------

The statistical distribution of the B1 gene in the placental tissue in gestational age, trimesters, and age groups was analyzed using the Chi-square test and Fisher\'s exact test. *P* \< 0.05 indicated a statistical significant difference between variables.

Results {#sec1-3}
=======

Anti-*Toxoplasma* IgG was detected in 167 out of 653 (25.6%) pregnant women. The stages of research are shown in the flowchart \[[Figure 1](#F1){ref-type="fig"}\]. Anti-*Toxoplasma* IgG negative women were excluded from the study. The age range of the individuals was between 20 and 47 years old and the mean age was 31.8 ± 5.4 years. Two out of 167 IgG-positive women were found to be positive for specific IgM antibodies. Using PCR and nested PCR, 36 out of 167 (21.6%) IgG seropositive individuals were positive for the *T. gondii* B1 gene. In [Figure 2](#F2){ref-type="fig"}, the bands in the nested-PCR gene are found at 194 bp. In either of the two IgG and IgM serum-positive cases, the B1 gene was not detected. After delivery, 15 out of 36 (41.7%) placental tissues of pregnant women who were positive for the B1 gene were obtained. Thirteen out of 15 (86.7%) placental tissues were positive for the B1 gene in nested PCR. The most common clinical signs in people with the B1 gene in their placental tissue were muscle pain (61.5%) and nausea (53.8%). In 11 infants of women whose B1 gene was detected in their placental tissue, anti-*Toxoplasma* IgM was tested, but it was negative. In addition, anti-*Toxoplasma* IgM was not found in any of the 12 umbilical cord blood samples of these women. Two pregnant women who have been diagnosed with B1 gene in their placental tissues have experienced abortions in the past pregnancies. In order to see the changes in the IgG antibody titers, serum samples of four individuals who were positive for IgG antibodies in the first stage were rechecked after 2 weeks. Evaluation of titration of anti-*Toxoplasma* IgG in the pregnant women blood samples showed an increase in three and decrease in one. Using Fisher\'s exact test, there was no significant relationship between the frequency of the B1 gene in placental tissue and age group (*P* \> 0.05).

![The flowchart shows the stages of exploring B1 gene in blood and placental samples of pregnant women as well as anti-*Toxoplasma* IgM in the umbilical cord and neonatal blood](ABR-7-119-g001){#F1}

![The gel electrophoresis of the nested PCR for B1 gene in placental tissue samples of seropositive pregnant women. The amplified product of 194 bp belonged to *T. gondii*. Lane 1: DNA ladder, Lane 2: Positive control (*T. gondii* RH strain), Lane 3-5: Positive samples, Lane 6: Negative control](ABR-7-119-g002){#F2}

Discussion {#sec1-4}
==========

In this study, B1 gene was detected in serum samples of 36 pregnant women. After delivery, B1 gene was identified in 13 of 15 (86.7%) of the placental tissue of women with acute toxoplasmosis. Following the study of seroconversion in pregnant women and confirming the occurrence of acute toxoplasmosis, placental tissue testing is important.\[[@ref9]\] Some studies have shown that early diagnosis of acute toxoplasmosis during pregnancy and therapeutic interventions helps reduce congenital infections.\[[@ref7][@ref12]\] Due to the role of the placenta in the transmission of *T. gondii*, this organ is considered as a therapeutic and diagnostic target. In order to identify *T. gondii* B1 gene in the placenta, inoculation and PCR techniques are used.\[[@ref15]\] In some studies, the sensitivity of the method of mouse inoculation was lower in comparison with PCR.\[[@ref15][@ref16]\] The results of some studies to detect *T. gondii* DNA in the placenta by PCR have been reported as 6.2%,\[[@ref17]\] 25%,\[[@ref9]\] 60.9%,\[[@ref16]\] and 79.5%.\[[@ref18]\] In our study, the detection of *T. gondii* DNA in placenta samples was relatively high because all patients were untreated and the parasite DNA during pregnancy detected in their blood samples. Studies have shown that treating pregnant women with acute toxoplasmosis reduce the concentration of parasite in the placenta and decrease the sensitivity of detection of *T. gondii* DNA in this organ.\[[@ref9][@ref15]\] In a study, eight pregnant women with acute toxoplasmosis were treated with spiramycin. After delivery, *T. gondii* DNA was detected in the five placentas (62.5%), however, the parasite was detected in the placenta samples of the two untreated patients (100%).\[[@ref9]\] Identification of anti-*Toxoplasma* IgM in cord blood or newborns is an appropriate marker of congenital toxoplasmosis. However, during delivery, the infant\'s blood may be infected with maternal blood, so other samples need to be tested.\[[@ref19]\] In the present study, anti-*Toxoplasma* IgM was not detected in the umbilical cord blood samples. Probably, one of the reasons for not detecting anti-*Toxoplasma* IgM is related to its gradual reduction during pregnancy.\[[@ref20]\] In one study, 87 blood samples of pregnant women were positive about anti-*Toxoplasma* IgG and only two case of cord blood (0.8%) was positive for anti-*Toxoplasma* IgM.\[[@ref21]\] In another study, in 0.39% of the cord blood samples, this antibody was detected.\[[@ref22]\] Due to the fact that one of the evidence of the occurrence of congenital toxoplasmosis is the detection of anti-*Toxoplasma* IgM in neonates,\[[@ref23]\] in this study, IgM and clinical symptoms of congenital toxoplasmosis in newborns were not identified. In some studies, anti-*Toxoplasma* specific IgM was not observed in infants with congenital toxoplasmosis.\[[@ref15][@ref24]\] Negative results of IgM in the diagnosis of neonates born from mothers with acute toxoplasmosis can be related to perform an antibody test at a time near the onset of infection in which case the IgM has been either not yet produced or is not detectable.\[[@ref25]\] According to the WHO criteria, preterm birth is gestational age \<37 weeks and low birth weight is the birth weight ≤2499 g.\[[@ref26]\] In this study, a case of low birth weight was seen, but no premature birth was observed. Some studies have not reported a significant relationship between low birth weight and prematurity with anti-*T. gondii* maternal serum profiles.\[[@ref27]\] In our study, women blood samples were taken in the 2^nd^ to 7^th^ months of gestation. Therefore, it is not expected that after delivery, the anti-*Toxoplasma* IgM cannot be detected in the umbilical cord blood and blood of the newborns. Since anti-*Toxoplasma* IgM rapidly increases during the first week of infection, then it decreases and disappear at very variable rates.\[[@ref2]\] In this study, the most common nonspecific symptoms of pregnant women were muscle pain in 8 (61.5%) and nausea in 7 (53.8%) patients. Based on literature, acute toxoplasmosis in 90% of pregnant women is asymptomatic.\[[@ref28]\] In a survey, 52% of women who gave birth to children with congenital toxoplasmosis did not mention anything about exposure to risk factors and symptoms of infection during pregnancy.\[[@ref29]\] In the present study, changes in the anti-*Toxoplasma* IgG titer were observed in a few pregnant women. However, in their placental tissue, B1 gene was identified. Perhaps, these women have been infected with acute toxoplasmosis during pregnancy at different times, so the antibody titers were increasing or decreasing. An increase in the anti-*Toxoplasma* IgG titer in a few weeks in the absence of anti-*Toxoplasma* IgM does not indicate acute infection.\[[@ref30]\] In two pregnant women with acute infection who had a history of abortion, their previous abortions were probably not related to *T. gondii*. In a study, in women with a history of abortion, anti-*Toxoplasma* IgG (43%) and IgM (4%) were observed.\[[@ref31]\] There were limitations of this study, including the impossibility of providing placenta samples of all pregnant women with acute infection. A number of women under study were born outside the scope of research. Some women gave birth suddenly and at an indefinite time. For different reasons, it was not possible to take blood samples from all newborns and umbilical cords.

Conclusion {#sec1-5}
==========

The B1 gene was detected in 86.7% of placental tissue of women who were involved in acute toxoplasmosis during pregnancy.
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